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FOREWORD 


This  report  was  prepared  under  the  authority  ot'  Project  4A 66270 7 1)853,  Mapping 
and  Geodesy. 

Tlic  report  was  prepared  by  ILT  Richard  E.  Sehiieck,  Rest*areh  and  Development 
Coordinator,  assigned  to  the  Surveying  and  Geodesy  Division,  under  the  direction  of 
Mr.  Melvin  Crowell,  jr..  Chairman,  ETL  STANO  Working  Group,  and  under  the  general 
direction  of  Mr.  Gilbert  G.  Lorenz,  Technical  Director,  Engineer  Topographic  Labora¬ 
tories,  U.  S.  Army  Topographic  Command,  Fort  Belvoir,  Virginia. 

Testing  activities  reported  in  this  document  were  <‘oordinated  with  Mr.  Gary  L. 

Horley,  Aberdeen  Rescan;h  and  Development  Center  (ARDC),  Human  Engineering 
Laboratories  (HEL),  Aberdeen  Proving  (jrouiid,  Maryland. 

During  the  conduct  of  IlF^LBAT  II,  the  equipment  system  was  op<T;ited  by  SP5 
Warren  E.  Smith  and  SP4  Alan  F.  Chamberlain,  30th  Engineer  Battalion.  Base  Topo. 

LTC  J.  R.  Lund,  Commanding. 

Configuration  and  acquisition  of  the  system  equipment  were  accomplished  primar¬ 
ily  through  the  efforts  of  Mr.  F.  R.  Norvcilc,  a  member  of  the  STANO  Working  Group. 
Engineer  Topographic  Laboratories  (ETL). 

Personnel  using  the  graphic  materials  during  the  conduct  of  the  HELBAT  11  Tests 
were  provided  by  the  First  Armored  Division  Artillery,  Colonel  R.  (J.  Trefr)’,  Commanding. 


SUMMARY 


This  report  covers  tests  of  the  capability  of  photogrammetric  equipment  and  tech¬ 
niques  to  provide  positional  data  required  by  Field  Artillery  operations.  Commercial- 
grade  photogrammetric  equipment  was  assembled  and  installed  by  the  U.  S.  Army  Engi¬ 
neer  Topographic  Laboratories  and  was  operated  by  enlisted  personnel  from  the  30th 
Engineer  Battalion  (BT).  TTie  test  was  designed  and  implemented  by  the  Human  Engi¬ 
neer!  ;  Laboratories,  Aberdeen  Research  and  Development  Center,  in  concert  with  an 
organizational  readiness  training  test  involving  the  F  irst  Armored  Division  Artillery  at 
Fort  Hood,  Texas,  during  February  1971.  Results  of  the  total  testing  effort,  Human 
Engineering  Laboratories  Battalion  Artillery  Test  Number  Two  (HELBAT II),  are  re¬ 
ported  in  a  ^v'parate  document  by  the  Human  Engineering  Laboratories,  Aberdeen, 
Maryland. 

Hie  high  visibility  given  the  concept,  equipment,  and  operations  of  the  Photogram¬ 
metric  Facility  (PF)  during  HELBAT  II  resulted  in  subjective  evaluation  at  all  levels  of 
command  which  was  significant  in  the  general  acceptance  of  the  PF's  potential  for  mili¬ 
tary  support.  Sufficient  data  for  numerical  analysis  were  gathered  only  for  Forward  Ob' 
server  and  target  positioning  exercises,  but  other  potential  applications  were  examined. 
Test  data  indicate  a  30%  improvement  in  the  capability  to  locate  Forward  Observers  as 
compared  with  the  doctrinal  map-shot  techniques,  but  a  degradation  in  the  ability  to 
position  ,'argels  was  noted. 
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UTILIZATION  OF  A  PHOTOGRAMMLTRIC  FAaUTY  (PF) 

IN  HUMAN  ENGINEERING  LABORATORIES  BATTALION  ARTILLERY 
TEST  NUMBER  TWO  (HELBAT II) 


I.  INTRODUCTION 

1.  IVirpose.  This  report  examines  the  results  of  the  utilization  of  a  Photogram- 
metric  Facility  (PF)  supplied  by  the  U.  S.  Army  Engineer  Topographic  Laboratories 
(ETL)  for  the  Human  Engineering  Laboratories  Battalion  Artillery  Test  Number  TiVo 
(HELBAT  11)  which  was  conducted  at  Fort  Hood,  Texas,  during  February  1971.  The 
primary  purpose  of  ETL's  participation  in  HELBAT  II  was  to  determine  whether  photo- 
grammetric  techniques  and  equipment  could  be  effectively  used  to  improve  the  position¬ 
ing  capabilities  of  the  Field  Artillery. 

2.  Background.  The  U.  S.  Army  Topographic  Command  (TOPOCOM),  in  the 
course  of  meeting  the  mission  to  provide  positional  and  other  topographic  support  to 
the  Field  Army,  has  become  involved  in  the  creation  of  new  concepts  for  the  generation 
of  modern  topographic  materials.  The  new  concepts  permit  a  time-phased  topographic 
readiness  capability  according  to  world-wide  threat  analyses  and  base-plant  production 
capacity.  Implementation  of  these  concepts  is  predicated  upon  the  availability  and  pro¬ 
cessing  of  select  imagery,  known  as  data  base  materials,  used  in  CONUS  based  facilities. 

a.  Photogrammetric  Facility  Concept.  It  occurred  to  TOPOCOM  that 
there  was  an  opportunity  to  exploit  these  same  data  base  materials  and  related  base 
plant  operational  technology  for  direct  application  to  Field  Army  requirements.  The 
generalized  concept  is  contained  in  ETL  Technical  Report  56-TR,  “Photogrammetric 
Applications  to  Field  Artillery,”  by  Messrs.  Eugene  P.  Griffin,  Donald  R.  Barnes,  and 
James  E.  Stillwell,  dated  March  1970.  The  theme  of  this  concept  stresses  the  points 
that  data-base  materials,  available  by  virtue  of  the  TOPOCOM  mapping  missions,  can 
be  made  available  to  Field  Army  users;  that  data-base  materials  can  be  used  in  the  field 
employing  standard  photogrammetric  techniques  developed  in  conjunction  with  base 
plant  production  procedures;  that  commercial-grade  photogrammetric  equipments  are 
available  and  suitable  for  accommodating  the  data-base  materials;  that  the  data-base 
materials  are  of  such  scale  and  resolution  characteristics  that  when  used  with  the  com¬ 
mercial  equipment  and  standard  photogrammetric  techniques  an  entire  Division  area  of 
responsibility  can  be  attended  in  a  single  “model”  setup;  that  present  CON  ARC  train¬ 
ing  exists  for  teaching  the  skills  necessary  to  operate  the  photogrammetric  equipment 
and,  in  fact,  is  employed  in  the  standard  training  of  Engineer  Topo  Units;  that  the  state 
of  commercial-grade  mini-computers  is  such  as  to  enable  a  reasonable  dimensional  con¬ 
figuration,  memory  size,  and  operating  speed  compatible  with  Field  Army  operational 
objectives;  and  that  such  data-base  materials,  photogrammetric  equipment,  computers. 
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If)  ii!iii|in  atnl  u|u‘rulc»i‘  skills  ran  lx*  list'd  in  a  syslrin  lu  |irovid(‘  positional  and  otlior 
h t[)oo} :i pn !<•  inloriiiatiiHi  to  nii'ct  nianv  id  IIh’  ataniracy  and  n'sponsi'-linx'  lu't'ds  in  sup¬ 
port  o|  Meld  Arms  oporalional  roiiccpts.  'I’lii*  rom.u'pl  has  ap[H‘al  and  ncar-tinHMipiT* 
tiiional  a\ailahilit\  liccansi' oi  its  innovative  chararli'i'islii's;  i.e.,  it  <'\ploits  (Msrri'nl  and 
[ilannod  dala-hasr  mati'rlals.  (‘xislin^  l(‘(‘hnoli)^y.  eoniniereially  available  eomponenls, 
evisliii^  MOS  skids,  and  (‘\is{iri‘>:  l''ield  .Army  smisor  and  eortnunniealions  faeilitii's  and 
applic-  {['.('se  without  modiliealion  to  achiiwi'  (mliri'Iy  dirtiTenl  objindivt's  in  addition 
}<»  basic  jnstitii-alion  lor  the  above. 

b.  Concept  Developnieiil  and  Testing.  In  An«insl  1970,  F/I'L,  tlie  research 
and  diwelopment  activity  ol  TOFOCOM,  forrmnl  a  \\'orkin«:  (Jruup  t<j  provirle  etnitral- 
i/<'d  ciMitrni  ol  all  research  and  d(‘velopinent  (dlorts  associated  with  Surveillance,  Tar«j!;et 
\  epn isit !( ni.  ami  Niglit  Observation  (STANO).  Om'  concept  which  appmired  to  hav(‘ 
con --I  dcra  bic  potential  in  this  ari’a  was  I  In*  IM'  concc[)l.  Activitii's  ol"  the  Working  (>rout> 
a>  well  as  l()FO(A)M  britdingsand  demonstrations  snriaced  tin’  eoneept  Tor  considiTa- 
litm  h\  Army  napnri'menls  and  force  stnii’tnring  agmieies.  In  Ihis  eonb’xt,  tin’  Armv 
de>earch  Ollicc  acted  as  broker  by  way  ol  introdueing  (he  (‘oiieepl  as  a  eandidate  for 
cvalnatioii  during  tests  being  conducted  by  llFb,  AH  DC,  Aberdeen  IVoving  (iround, 
^lar^.bmd.i^  I  cbiiiarv  1971.  at  Fort  Hood,  Texas.  1’lie  Human  Faiginei’rlng  l.ahorator- 
tes  Hiittaliofi  Artillery  lest  (IH’JjItAl  I)  lo(?k  plaee  at  I'drl  Hootl  in  1970.  The  jnirpose 
of  HKbB  AT  I  vs  as  to  delermiru’  the  cafialiilily  of  a  Dallalion  of  M- 109,  sidf-propi’llml 
I  o.)  inm  how  itzers  to  delivi’r  aecurati’  mass  fin’  without  adjust mmil.  One  of  the  ohji’e- 
livcs  wa"  to  dc(('rminc  \*.hat  portion  oi  tin’  total  sv  slmn  error  was  human  I’rror  and  to 
i-obdc  Ihal  crr<jr  in  <'acli  of  (he  funelional  si'clions  id'  llie  fire-didivi'rv  operations,  'blu' 
tc>(>  conclmb-d  that  a  significant  portion  of  the  errors  was  associated  with  I'orward  Oh- 
>cr\er  (!‘0)  operations;  i.e..  (lie  I*  O  s  ability  to  loeate  his  position  (by  eoiivenlional 
map-spot  (eclunijnes)  and  his  abilitv  to  measure  range  and  a'/amuth  to  a  target  (hs  eon- 
venlional  map  and  compass  and  range  esliinalion  tm-huipiK’s).  (Set*  'D’chnical  Menim 
randnm  2-I-70.  'Hhirnan  I'aiginecring  Lalmralories  Battalion  ArtilliTV  'rc'sl,'’  hv  Mi'ssrs. 
Horb'v  arni  (doixlano,  dalm!  Si’plcmbcr  1979.)  It  was  recommendmi  lhal  additional 

tests  (Hf’BHAI"  H)  be  umlciiakcn  . . 'Bo  (’xamini’  (‘(juipiiumt  and.jiroccdural  mi’thods 

for  l-'orward  Obscrvms  dial  would  improve  tlic  f'O’s  ability  to  locate’  himse’lf  .  . 

IH'ddcAT  II  was  coiiducicd  in  l-'cbrnary  197!  at  l‘'or}  Hood  witli  tfie  First  Armored  l)i- 
vi>ioii  \rldlcry  acinigas  Itie  lest  t'lnl.  /\s  in  Hl'ilJbAI  1,  M- H)9  sell-propelled  !  o.^-inm 
iiowil/.crs  were  cmplov  cd  for  all  firing,  and  standard  100111  Artilh'rv  prm’mhires  w<‘re 
used  lor  ArliiliTv  surveys.  Hri’  Din’eticin  (amler  opi’ralions.  and  Mring  Balle’ry  aelivities. 
Fitrward  Obsiawer-  were  4livi<l<’d  into  lliree  types  depending  on  du'  eepiipmenl  ami  le’cli- 
iiiqnes  they  were  Iti  use.  '‘Conventional"  Forward  Observers  had  a  1/50, ()0()  s<‘al(‘  line 
map  ami  an  M-2  compass  to  us<’  for  posidoning  ihm'isi’lve’s  am!  all  birgi’ls.  '“baser"  lAir- 
vsard  ( )b^<  rvci>  emjilov  cd  a  iaiscr  !{angcfjmh’r  ami  spi’cia!  t('<.*hni(jm‘s  to  del m* mine  llu’ir 
own  location-  ami  target  localinns.  ’“.^npi'r  basm"  Observers  wi'rc  issued  ii  Cvro- Azinmlh 
D(  vice  in  addition  to  a  baser  Kange’fimicr,  SnpiT  baser  ami  baser  I'orward  Obse'rvers  also 
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(‘slinialcd  ifuMr  localiofis  and  lar^nl  hiriilionH  lor  all  missions  ustii^r  a  map  and  i‘oiiipass. 

(d'  tln‘  Conr  (iailalions  (cslcd  was  in  Urn  Hold  abonl  2*/2  day?^.  and  lhc‘  Forward  Oh- 
Hcrvrrs  mova’d  (o  funv  ponilioris  three  llnmn  during  this  period. 


d’iuoufili  cojlahoration  helween  llFd^and  FTl.,  a  PF  was  snhje(>(<Ml  to 
evahialion  dnrin^r  ffFd  JtAT  II  for  its  potcrilial  Fi(‘ld  Artillery  a{)plieations  and,  sp(a*irie- 
ally,  for  its  pohmtial  to  rediiee  the  errors  in  lh(‘  FO’s  ability  to  locals;  hims(‘ir,  iheia-hy 
im{)rovin^  lln*  <'riee,l ivsan^ss  of  Arlill(‘ry  fire;. 


11.  INVFSTKiATION 

d.  Test  Site.  Ifl^ddiAT  1!  was  eondnetcul  on  the  firinj^  ranp^  at  Fort  lloo<l,  'I’exas. 
Al!  lirin^  during  1!h’  h’sl  was  eonduel(;d  in  the  w(‘stern  half  of  tin;  ranj^t*  with  the  F(Fs 
o<'ei!pvinjj^  observation  posts  !oeal<*d  on  hills  surrounding  the  Impact  /om;.  Hie  total 
area  of  operations  eovi’rmi  afiproximalely  10  by  14  kilometc'rs.  Hi(‘  IM-'  was  positioned 
on  Mannine  Mountain  al  the*  western  (‘d^e  of  tin;  Irnpaet  Zone. 

All  aeeura<*y  analyses  for  HFddlAT  II  operations  wen*  based  upon  fourtli- 
(H'di’r  Ariillei)  surveys. 

1.  I’a|fti{mienl  Dc.sc  rip  lion.  Tin;  Ph’  was  eompri.sed  of  non-militarized,  eommer- 
eial!\  availahh'  <'oiripon(‘nlH  eotisistin^  of  a  525  Balplex  Sl(‘r(;oploller  interfaced  with  a 
dijiiti/in^  system  sold  eonunm'cially  fiy  Kiutffel  and  lesser  Ca)m|)uny  (KtK-F)  under  tin* 
(radc'iiauK*  ‘‘Travi'rsean .Syslc'm.  Tin*  “Traversean”  System  (tonsists  (jf  a-d-^endix  Data 
(Iri<!.  a  No\a  Fomput(T  with  a(a‘ompanyin^  softwaian  and  a  Telelyp(;wriler  (I*'i<i.  1). 

Tfie  system  was  inslalh'd  in  an  M-lOO  Van  (Mg.  2).  Inside  dirnen.sions  of  the  van  are 
approximately  10  by  7  hv  6.5  f('(*i. 

a.  525  Balplex  Slereoplolter.  The*  Balph’X  Slereoploll(;r  consists  of  Ihn'c 
prei’ision  projt'clors.  a  su[)[)ort  bar  and  frattie,  a  tracing  surfaci*.  and  a  tracing  lah!<*.  Hu* 
instrument  occupies  an  area  a[)proxima(c!\  56  by  42  inclics  and  is  less  than  70  inches 
in  height. 


The  Balj)i(‘x  Steri'oplot  t(‘r  is  d(‘signed  fur  map  ('ompilation  using  o\’<'r- 
I  tipping  aerial  photograjihs  taken  with  a  6-ineh  focal  length.  <‘artogru[}hl(*  cann'ra  liaving 
a  0  In*  0  inch  formal,  'rhesi*  photographs  must  he  reduced  to  I  10  by  I  10  fnillimelers 
and  prinli'd  ou  glass  plali's  by  a  special  prtiiler.  A  plalt*-eenlering  device  is  us<*d  to  posi¬ 
tion  the  glass  piales  within  (ht'ir  holders  hefon*  the  plates  and  hohh'rs  are  put  into  the 
piaijta’lors.  Hu*  [iroji'i'tors  each  have  six  d(‘gr<'«*s  of  freedom,  or  mod(‘s  of  mov(‘m<‘nl. 
\vliirh  enable  the  opi'ralnr  to  orient  tin*  projec  tors  so  that  I  hcN  have*  tin*  safne  relative 
jinsilion  wilt!  rc'spec'l  to  each  olln'r  and  tin*  plotlm-  tidch*  that  (In*  iierial  camera  had  with 
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Fig.  2.  PF  field  setup. 


n'spt  ft  lo  thi*  ^ound  when  the  phutograplis  were  taken.  The  projected  imagery  from 
ihe  ov(‘rlapping  photographs  can  then  form  a  3-dimensional  stereomodel  of  the  original 
photojrraphs. 


The  operator  achieves  a  stereo  view  of  the  terrain  photographed  by  us¬ 
ing  a  s|K*cial  viewing  system  called  the  Stereo  Image  Alternator  (SIA).  The  effect  of 
the  SIA  is  to  permit  only  one  eye  to  see  an  image  from  only  one  projector  at  any  instant. 
This  is  accomplished  by  using  synchronous  motors  to  rotate  slotted  cylinders.  By  alter¬ 
nating  the  images  viewed  in  this  manner,  the  operator  is  provided  a  stereoscopic  view  of 
the  terrain  photographed. 

The  operator  uses  a  tracing  table  for  making  3-dimensional  measurements 
in  the  stereomodel.  The  table  contains  a  horizontal  surface  (platen)  on  which  the  pro- 
jei'ted  imagery  is  viewed  and  which  has  at  its  center  a  small  hole  that  is  illuminated  from 
below  to  serve  as  a  reference  dot  for  measuring  the  stereomodel.  The  reference  dot  can 
be  moved  horizontally  by  moving  the  entire  tracing  table,  and  the  dot  can  be  moved 
vertically  by  means  of  a  knob  on  the  back  of  the  tracing  table  which  causes  the  platen 
to  be  raised  or  lowered.  Horizontal  positions  can  be  recorded  on  the  tracing  surface  by 
means  of  a  pencil  lead  which  is  located  directly  below  the  reference  dot. 

b.  Traverscan  System.  The  Traverscan  System  consists  of  a  Bendix  Data 
(Jrid,  a  Nova  Computer,  a  Teletypewriter,  and  accompanying  software.  It  is,  for  the 
most  part,  mechanically  independent  of  the  stereoplotter.  There  arc  two  items  which 
are  attached  directly  to  the  tracing  table.  One  is  a  Z-shaft  encoder  which  measures  the 
elevation  of  the  tracing  table  platen.  This  value  corresponds  directly  to  sea  level  eleva¬ 
tions  in  the  stereomodel.  Tlie  other  item  is  a  cursor  which  is  mounted  at  the  base  of 
the  tracing  table  and  is  centered  on  the  reference-light  dot  on  tiie  platen.  This  cursor 
emits  an  oscillating  signal  which  is  picked  up  by  the  Bendix  Data  Grid. 

The  Bendix  Data  Grid  is  used  to  replace  the  conventional  table-top  sur¬ 
face  of  the  stereoplottcr.  and  its  function  is  to  sense  horizontal  coordinates  taken  from 
the  stereoplotter.  As  the  cursor,  which  is  mounted  on  the  tracing  table,  moves  across 
the  top  of  the  tracing  surface,  the  signal  which  it  is  emitting  is  picked  up  by  a  matrix  of 
wires  which  is  embedded  in  the  Data  Grid.  The  position  of  the  cursor  with  respect  to 
the  Data  Grid  is  digitized  to  a  precision  of  0.001  inch,  and  these  values  correspond  to 
horizontal  positions  in  the  terrain  model. 

The  X,  Y,  and  Z  digitized  signals  are  supplied  to  a  Nova  Computer  which 
provides  a  2-diniensional  rotation,  a  translation,  and  a  scaling  operation  to  express  Data 
(irid  coordinates  from  the  Stereomodcl  in  terms  of  UTM  coordinates  and  sea  level  eleva¬ 
tions.  The  software  also  provides  a  polar  mode  of  operation  where  the  operator  can  de- 
It  rmine  the  range  and  azimuth  between  any  two  points  in  ihe  stereomodcl. 
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The  Teletypewriter  will  print  out  all  resultant  data,  and,  if  desired,  it 
Hill  punch  out  all  data  on  paper  tape.  These  data  are  also  displayed  on  a  digital  read- 
out  device.  The  teletype  is  also  used  to  enter  into  the  computer  data  which  determines 
the  rotation,  translation,  and  scaling  that  the  computer  is  to  perform.  The  Nova  Com¬ 
puter  has  a  nonvolatile  memory;  but,  should  the  need  arise,  it  can  be  reprogrammed 
using  punched  tape  read  by  the  Teletypewriter. 

TTie  equipment  requires  about  30  square  feet  of  floor  space  and  about 
6  feet  of  headroom.  The  total  weight  of  all  of  the  equipment  is  approximately  600 
pounds. 


The  equipment  was  operated  using  military,  10-kw  generators  or  a  truck- 
mounted,  6-KW  commercial  generator.  The  equipment  requires  about  4  KW  of  power 
for  normal  operation. 

5.  Data  Base.  The  term  **Data  Base"  is  used  to  define  the  topographic  materials 
and  data  that  are  needed  for  the  operation  of  the  PF.  In  the  case  of  HELBAT II,  the 
Data  Base  consisted  of  “Giant  Scale"  photographic  coverage  of  Fort  Hood,  Texas,  and 
the  ground  coordinates  of  points  required  to  establish  the  stereomodels  in  the  Balplex 
Stereoplotter.  Copies  of  the  original  photography  were  made  by  thp  Topographic  Pro¬ 
duction  Center  (TPC)  of  TOPOCOM  on  glass  plates  suitable  for  use  with  the  stereo¬ 
plotter.  Three  plates  were  required  because  the  HELBAT  II  area  fell  in  the  center  of 
one  photograph  and,  therefore,  on  the  edge  of  two  stereo  models. 

It  was  originaUy  planned  that  the  TPC  would  establish  the  ground  control 
needed  to  orient  the  stereomodels  in  the  plotter.  In  this  process,  TPC  marked  and  mea¬ 
sured  the  photographic  images  of  survey  control  points  that  could  be  identified  on  the 
photographs  and  also  other  points  for  which  ground  coordinates  were  desired.  These 
data  were  used  in  a  block  triangulation  computation  to  determine  the  UTM  coordinates 
and  elevations  of  well-defined  terrain  features  throughout  an  area  covered  by  six  Giant 
Scale  photographs.  The  initial  results  of  the  triangulation  were  not  as  accurate  as  could 
normally  be  expected  and  were,  therefore,  not  used.  The  data  from  later  triangulation 
attempts  proved  more  accurate  but  were  not  available  prior  to  HELBAT  11. 

Only  two  stereomodels  were  required  to  cover  the  HELBAT  li  area;  and 
normally,  survey  control  in  the  vicinity  could  be  used  for  orienting  the  stereomodels  in 
the  Balplex  stereoplotter.  Stereoraodels  formed  in  the  Balplex  using  Giant  Scale  photo¬ 
graphs  are,  however,  at  a  small  viewing  scale;  and  positive  identification  of  survey  con¬ 
trol  points  is  very  difficult.  Also,  the  control  at  Fort  Hood  is  primarily  concentrated 
along  the  southern  boundary  of  the  reservation  and,  therefore,  is  not  adequately  dis¬ 
persed  to  be  suitable  for  model  orientation  in  a  second-order  stereoploUer  such  as  the 
Balplex. 
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As  ail  expedient,  it  was  decided  to  triangulate  the  necessary  control  data  us¬ 
ing  the  AS-1 1 A  stereoplotter.  The  AS-I  i  A  is  a  first-order  instrument  and  it  has  a  zoom 
optical  system  which  permits  large  scale  viewing  to  aid  in  the  point  identification  pro¬ 
cess.  The  two  stereomodels  that  covered  the  HELBAT  II  test  area  were  oriiiited  in  the 
instrument  to  survey  control  points  that  could  be  identified  on  the  photographs;  and 
with  this  accomplished,  the  instrumental  coordinates  of  other  well-defined  and  well- 
dispersed  terrain  features  (road  intersections  primarily)  were  read  and  recorded.  The 
instrumental  coordinates  of  the  survey  control  points  were  compared  with  their  known 
values  to  determine  the  transformation  required  to  convert  instrument  coordinates  to 
IITM  values.  This  transformation  was  then  applied  to  the  othe.  unknow'n  points  (15  in 
all)  to  determine  their  UTM  coordinates.  These  data  were  used  during  HELBAT  II  to 
control  the  stereomodels  in  the  Balplex  Stereoplotter. 

6.  Graphic  Materials.  The  graphic  materials  used  in  HELBAT  II  represented  a 
hasty  design  of  a  graphic  aid  for  use  in  conjunction  with  the  PF.  These  graphic  materials, 
called  Photopacs,  were  prepared  from  the  same  aerial  photography  (data  base)  used  to 
make  the  glass  plates  for  the  Balplex  projectors.  Each  Photopac  consisted  of  21  photo¬ 
graphs,  one  film  overlay,  and  a  cover  sheet.  There  was  one  index  photograph  of  about 
1/60,000  scale  which  included  all  the  forward  observer  positions  and  the  target  area. 

The  index  photograph  was  covered  by  a  4-centimcter  grid  which  had  its  lines  running 
approximately  North-South  and  East-West.  Each  grid  square  had  a  letter  designation 

on  the  film  overlay  (Fig.  3).  For  each  of  the  labeled  grid  squares  o*  the  index  photo¬ 
graph,  there  was  an  enlargement  of  about  1/16,000  scale.  These  enlargements  also  had 
a  4-centimeter  grid  on  them  with  the  North-South  lines  designated  by  a  number  (1, 2, 

3  .  . . ,  etc.)  and  the  East-West  lines  designated  by  a  letter  (A,  B,  C  . . . ,  etc.)  (Fig.  4). 

The  4  centinieter  grid  size  was  chosen  because  it  is  the  standard  size  grid  for  a  1/25,000 
scale  map,  and  this  made  it  possible  to  use  standard  map  coordinate  scales  for  determin¬ 
ing  coordinates.  One  sample  point  is  indicated  on  Figs.  3  and  4.  The  resulting  product 
was  a  small  book  of  photographs.  The  photographs  were  on  a  substance  called  Chrona- 
paque-a  tough,  film-based  type  of  printing  paper.  Each  page  was  10  by  10  inches,  and 
the  book  v.  as  approximately  ‘4-inch  thick  Chronapaque  was  used  rather  than  regular 
photographic  prinlitig  paper  because  of  the  extremes  of  weather  and  the  hard  usage  the 
photographs  would  probably  be  exposed  lo. 

7.  Training.  Two  different  types  of  training  were  required  for  the  HELBAT  II 
operations.  The  first  type  of  training  was  that  which  was  provided  for  the  men  who 
W'TC  to  aeliially  operate  the  PF  during  HELBAT  II,  and  the  other  type  was  given  to  the 
Forward  Observers  who  were  to  provide  input  data  to  the  PF  through  the  use  of  the 
Pliolcipae. 

a.  PF  Operators.  'Pin*  men  who  were  lo  operate  the  PF  during  the  lest  were 
able  to  speno  about  ()Vj  days  actually  working  with  the  equipment  at  Fort  Belvoir  before 
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it  was  shipped  to  Fort  Hood.  Four  enlisted  men  from  the  30th  Fn^m^er  Hatlalion 
(Base  Topo)  arrived  at  ETL  on  \  I  January  1971  to  begin  training  on  th«*  PF.  All  of 
these  men  had  previous  military  training  and  experience  with  stereoplof  ting  leehfli(|tK'^ 
and  equipment.  Their  initial  traming  consisted  of  a  general  iiilroductio2i  to  the  PF  <’oii- 
oept,  HCLBAT II,  and  related  background  information.  Theur  work  on  the  actual 
cquipirient  was  also  preceded  by  some  training  in  radio  procedures  and  famtltart7.aiion 
irith  the  Photopac. 

Ihc  training  on  the  PF  equipment  covered  all  phast^s  of  tht^  o|}eratioti 
including  setting  up  and  orientation  of  the  stereomodd^  enterii^  computer  cotilrol 
values  for  the  model,  and  reading  in  computer  program  tapes.  Sc‘\eral  da\  5  were  spent 
practicing  the  image  matching  technique  and  becoming  generally  familiar  with  tlaf  area 
covered  by  the  stereomodd.  The  procedme  used  during  (his  perimi  was  .<tmiiar  to  that 
which  was  expected  to  be  used  during  the  actual  test.  One  man  would  diooi^  any  point 
in  one  of  the  eidargeroents  in  the  Photop«;e  and  scale  off  its  eoordinalt’s.  These  etiordi' 
nates  were  then  told  to  the  other  man  who  repiotted  the  points  in  their  o%vn  Photopai!s. 
After  plotting  the  points  on  their  photos,  the  men  went  to  tiie  stereomcnld  and  doier- 
mined  the  coordinates  of  the  p.int  which  they  had  plotted.  Tlirse  l-TM  coordinah^ 
and  the  visual  location  of  the  points  were  then  compared  to  the  location  as  detemiim^d 
by  the  person  who  originally  [deked  the  point. 

At  the  end  of  the  training  period,  two  of  the  four  men  who  had  ht^o 
trained  were  sdected  to  aduaBy  partidpate  in  HELBAT 11  at  Fort  Hood. 

b.  Forward  Observer  Trmning.  The  FO’s  reeei\ed  different  amotitUs  of 
training  dependii^  on  whether  they  were  “Conventional’’  FO’s.  “Laser”  FO’s  or  “SiipiT 
Laser”  FO’s.  The  “(^ventional”  FO’s  were  those  who  had  only  a  l/.50,000  scale  topo¬ 
graphic  line  map  and  an  M'2  Compa.s'<  to  use  for  determining  locations.  The  “leaser** 

FO’s  used  4  Laser  Kangefinder  along  with  their  map  and  compass.  Tlte  ‘*SiqMT  LascT” 
FO’s  had  an  ARK*l  Gyrocompass  as  well  as  a  Laser  Rangefinder,  map.  and  compass. 

The  “Conventional”  FO’s  were  inadvertently  excliidc’d  from  almiit  3/4  of  the  iraiiiiiig 
given  to  the  other  FO’s  because  they  did  not  need  to  receive  any  special  training  from 
the  HEL  personnel  before  the  test. 

The  Laser  and  Super  Laser  FO’s  received  a  total  of  about  I  hour  of  iraiii* 
ing.  This  was  split  into  three  sessions.  The  first  session,  which  lasted  alMitit  '/I'liour. 
conristed  of  an  introduction  to  the  PF  concept,  the  equipment,  and  the  associated  graph¬ 
ic  aids.  The  Super  and  leaser  FO’s  were  shown  the  PF  equipment,  and  the  prov*cduit'  for 
its  use  was  explained  to  them.  They  were  told  how  to  extract  coordiiiati's  from  the 
Photopacs  and  how  to  use  the  stereograms  which  they  had  been  given.  Pliotopacs.  co¬ 
ordinate  scales,  grease  pencils,  stereograms,  and  glasses  were  issued  to  the  Super  ai»d 
Laser  FO’s  during  this  period. 
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T!i(‘  scrond  Iniiiiin-  {x'riod,  which  lasl(‘d  ahoiil  15  miiuiJcs,  also  iiiclud- 
<'(  only  Ihc  StiptT  and  Laser  L()\s.  \i  consish'd,  [airnarily,  of  a  check  (o  sc(‘  if  iJicy 
nridcrsto()({  how  lo  scale  coordinates  iVoin  the  photographs  in  the  Pholopae. 

The  third  I rainin<:  s(‘ssion  laslt'd  about  15  minutes  and  included  all  of 
the  I’O's  (Von.  cacli  Lattalion.  One  of  these  sessions  was  conducted  for  eacli  lUillaliorrs 
I'OV  just  htdon*  they  moved  out  to  their  observation  posts.  This  period  eonsUluted  the 
only  Irainin-  ivccivcd  hy  tin'  (:onv<'n tional  KO’s,  and  it  was  durin«r  this  session  tiiai  they 
saw  the  Photo|)ae  and  th(‘  stercoijram  for  the  first  time.  This  was  primarily  a  g(meral  re- 
view  of  the  f)ro('(Mlur(‘  for  sealin^^  coordinates  from  th(‘  Pholopaes. 

8.  Operational  Procedures,  ddn*  PI*’ was  employed  principally  for  determinin«r 
ohservahon  posts  and  lar^(‘(  eoor<linat(‘s:  hut  the  determination  of  Battery  Centers 
Ihi-ou-h  the  nse  of  Polaroid  photographs  taken  from  a  helicopter  and  the  imaj;e-mateh 
leehnujue  and  s(dlm^  up  ehe(;k-points  for  use  with  the  Improved  Position  Locator  (IPf.) 
w  I're  cdso  examiiKul. 


a.  OW-rvalion  Post  and  Target  Location.  'I'lic  o|)mitional  procedure  which 
was  ernphned  lo  dcLTiniiie  I'orward  ()hserver/01>,scrvation  Po.sl  Locations  or  target  loca- 
tions  was  e.<sentia!Iy  tin'  same.  The  procedure  was  as  follows: 

(I)  I'orward  ohsc'rver  plotted  his  [losition  or  larj^id  position  on  what  lu' 
h'  lieved  was  tlu'  correct  enlargiunent  in  his  Photofiae. 

(J)  forward  ()hs(‘rver  then  scaled  oil  the  plioto  c(Jordinates  of  the 
point  [iloltcd  as  his  position  or  tarj^ct  position  usin;;  normal  proc(‘dur(‘  for  deler- 
nunin;i  map  coordinati's  hy  measurin*;  L  .  t  tin:  Kastin<r  and  tluui  (he  Nortfilm^ 

(d)  lll'ddLAI  contrijlh'r  then  recorded  tlie  photo  coordinate's  on  the 
diila  card  for  that  mission. 

(-1)  Data  cards  wu'rc  collected  when  controllers  came  in  from  the  fiedd 
and  tile  photo  data  was  copied . 

(5)  Points  w(‘rc  lhc?i  plotted  in  IMtolopacs  at  the  PP. 

(h)  I  sin;:  an  image  matching  tecfmique,  point  in  t)hologra{)h  iriuige 
was  tound  in  stcreomodcl. 

(7)  Computer  then  gave  printout  of  UTM  coordinates  and  elevation  of 

[)()inl . 
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!  his  |)ru(.'(‘({ur(*  was  rc|Kal(‘d  lor  (‘ach  tlala  Haniph;  wiiich  was  riaairdod. 

b.  Localion  ol  Ballery  Centers.  Anolhcr  proiaaltjre  which  was  lric(i  was  It) 
itsc  iIh'  !nia^c-tnal(;h  (cdirnqiic  in  conjuniUioti  with  Polaroid  pholo^rapljs  taken  I'rotn  a 
!iclicop((‘r  to  locate  battery  centers.  'Phe  proctalure  was  as  follows: 

(1)  A  PolaiH>id  piclnre  was  taken  of  a  lorinji^  Ballery  from  a  helicopter 
a!  an  aititurh*  ol  ap|)roxinialely  500  led  ami  an  anj^Ie  of  45  to  60de<^rees  from  llie 
vert  i  cat. 


(2)  The  prints  were  returned  to  the  PI'. 

(3)  Tin*  approximate  BaU(‘ry  location  was  found  iri  th<“  slereojnode! 
and  the  location  of  the  BaUtTv  Center  was  estimated, 

(4)  /\  i  vOiij)uler  printout  ol  the  Ij1'M  coordinates  ami  the  ehoalion  of 
the  (‘slirnatt'd  Batt(TV  (.{‘nter  were  oblainetl. 

e,  IPI,#  Checkpoints.  Several  checkpoints  were  established  alunji  an  Im¬ 
proved  Position  I.ocator  (IPb)  route  as  referenei's  in  an  allempt  to  evaluati*  the  (‘fleet 
ot  varying  types  ol  terrain  on  llie  aeeiiraey  of  llii*  iPb.  d'hesi’  clH'ckpoints  could  In*  c\- 
peet(‘d  to  be  aceuralf'  within  20  meters. 


III.  DISCUSSION 

y.  General.  I’he  principal  hmiefil  resulting  from  utilization  of  tfi(‘  l*f'  in  lllcUBAT 
11  came  in  lh(‘  form  of  exposnri'  of  the  systmii  and  eone(‘{)l  to  a  larg(‘  !Hind»er  of  pjeld 
Artillery  [nasuiuuT  In  general,  the  visitors  to  lh(‘  PF  during  lIFddlAT  H  werv  sny  en- 
ihnsnistie  about  its  potential  applications.  Tins  interest  was  exprt’ssml  bv  men  at  all 
le\{‘ls  (sf  (‘ommand.  and  i!h'  primary  jioinl  of  discussion  was  not  wlu'lber  a  eapabililv 
such  as  that  demonstrated  by  llie  PI*'  should  be  made  avai!al)i(‘  to  tfH‘  [‘'ield  Artillers .  but 
rather,  the  organizational  lev(‘l  at  wliicli  this  eapaldlity  should  he  (h’ployml. 

As  a  l(‘sl  for  iht'  PF  eofiee[)t  and  equipment,  IlFJdlAT  II  was  of  somewhat  less 
value  h(‘eause  lh('  14*'  was  eofisidc'red  for  HFJ.BAT  II  otdy  a  short  tiim'  ladore  lh('  l(‘sl. 
Hec:nfS(‘  of  this,  the  PI'  had  to  I)e  aeeommodalt'd  in  an  ('slahlislHo!  'I'(‘st  Plan.  Conse- 
(|ne?stly,  the  PI*'  was  not  an  integral  part  of  IfIdJFAT  H  but  was  givam  a  role  for  subjective* 

(  valuation  rather  than  a  rigorous  operatiotud  test.  Data  for  tin*  PF  was  gallu'red  prirnarilv 
on  a  no!U!d<‘rr(T<‘nee  basis,  wliieb  meant  that  at  some  liim's  the  l*'()'s  were  ahh*  to  take 
tlK'ir  tinie  and  do  a  eared’u!  jol)  and  at  oth('r  linx's  tlu'v  had  to  rusli  so  that  tliey  could 
star!  planning  tiieir  rn'xl  mission.  1’he  near  to!  allaek  of  training  of  some  i'’()'s  in  tin* 
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. . .  "ilh  llu-  [.oiiil  (lrsi-iiati(.ti  cmr.li.iatcs  in  n.iijniictinn 

u  Illi  III,-  |,n-.,siirr  i.i  u.irlv  r:i|)iilly  miildnlili-illy  (•(ini|ir(iini;ic(l  |i(T('ormaiu-c.  One  r<-iinlt 
,•1  111.-  ;;i-n,  ral  |ai-k  ,i|  .-iiiphasis  on  llu-  I’l-'  ilurinf;  llic  Irainiii};  |)cri<)(l  prcn-dinu  ||ii-  h-sl 
U  .|>  Ihal  niaio  ol  ll,,-  I  ( )\  s,-,-,n,  il  lo  IV, -I  llial  llu-  I'l-' anil  111, -ir  .lala  for  it  was  II,,-  l,-asl 
iinpnrLmi  par!  nl‘  ilu  ir  in\ olwiiK'nl  in  IIKKIIA'P  II. 


10.  Data  Analysis.  II  KMUT  II  proOuciMl  llir  Hr.sl  data  wliirli  ran  hr  usrd  to 
r\aliia!r  llir  V\'\  potential  appliraliims  within  the  Di(dd  Artillery.  Tli(‘re  were  two  types 
of  nikHons  lor  uhieli  sn(Tiei(‘nl  data  were  rollerted  for  numerirSd  analysis:  ( I )  where 
the  1()  deterrmned  itis  own  hiealions  nsine  the  Photopae;  and  (2)  where  the  DO  det(T- 
nniied  lari:e{  locations  in  the  same  manner.  Althonjih  these  exerc4«es  did  recinire  use  of 
Ihe  ima-e-matehin-  teelinitjne  lyv  tin*  PI-  operators,  tin*  primary  resnlt  was  an  indieation 
ol  th.e  eapa!)ility  of  th(‘  TO  to  use  aerial  photographs  (Photopaes)  lo  (I(‘termin(‘  loeations 
‘n  I  lie  field.  Pecans, ‘  the  primary  emphasis  in  these  I'orward  Observer  missions  was  on 
Ihe  i'  ( )  -  ,  apalnlilN  to  ,l,  iermin,‘  loeations  nsitij;  aerial  |)holotrraphi(‘  ima^erv,  an  attmnpt 
uas  mad,-  (,)  detm  ini ti(>  wh(‘ther  any  of  tin*  •  -^lilting  errors  were  eau.sed  hv  rarelessness 
in  >ea!in^  and  recording  coordinates  or  otluT  human  errors  ralluT  than  an  inahilitv  to 
aeeura(el\  pinpoint  a  location  within  tin*  imajierv. 

a.  Analysis  Procedure.  Tlie  sarm‘  <ze,HTal  procainre  was  nsial  in  the*  evalua¬ 
tion  (d  data  lor  iioth  I’erward  OhservfT  and  larj:(‘l  location  missions.  As  was  pr(‘vionsly 
rn.mlion,  ,1.  the  phote.  coordinates  which  tin*  PO's  had  recorded  in  the  field  were  taken' 
to  the  PI',  and  I  !M  coordinates  were  determined  through  the  ima<:(‘-match  process  and 
the  eonijmter  readout,  I  Ih'si  I  I  M  eoordinati's  «d‘  ohservation  [losts  and  larj^i'ts  w(‘re 
tlie'i  compared  with  lonrth-order  a:lillery  survi'ys  which  had  hcim  run  lo  all  ohservation 
pn-t-  and  iaiLiel-.  The  Mn\ey  data  was  used  as  Ihe  basis  for  all  «‘rror  analysis.  'Phe  varia- 
iion>  in  Past  le  and  A'orthin^^  were  convert, nl  lo  radial  errors,  and  then  individual  stand¬ 
ard  d.'viations  were  calenlatcd  usine  all  ,d’  llie  data  for  each  of  the  tw,)  typ,'s  of  missions. 
Ihose  data  -amph-  which  wer,'  found  to  h,'  ereniter  than  ihr,',*  lirm's  the  standard  dewia- 
hon  were  consiih'ri'd  to  h(‘  outliers  and  were  ('\e!ud,'d  from  the  ealeidalion  of  th('  mean 
l  aiiia!  error  .md  I  he  H  MS. 

h.  l-'orward  Ohserver  I.ocalion.  The  forward  observer  location  errors  of  the 
M)  Inc.ilioi!  mi>S!<»ns  are  as  follows: 


Numix'r  of  Mi.ssions  37 

S.  1).  (All)  t  19m 

.3  Samples  >  3  x  I). 

MKAN  KADIAL  KIMIOP  RMS 

h7m  93  m 
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BEST  AVAiLABLE  COPY 


The  (bta  from  foui  ritiissioiu^  were  discHiuiited  because  they  were  proven 
to  cx>i\tain  errors  which  resulted  from  carelessness  in  sealiii};  ami  recording  eotjrdinali's 
rather  Chan  from  an  inability  to  determine  the  O.P.  location  on  the  photograph.  In 
thwe  cases,  tliesc  errors  were  the  product  of  a  eombination  of  earele.ssiies.';  and  the  eoii- 
figiiration  of  one  enlargt'ment  in  the  Ptiolop;'c.  Tlirec  of  the  data  .sampb's,  found  to  Ik* 
grc’ater  than  three  tinM‘s  the  standard  de\ialioii,  were  coiisid(T('d  outliers  and  \v(T('  m»t 
^•d  to  calculate  Che  mean  radial  error  and  tlie  RMS.  The.st‘  three  d;  ta  sanipb's  eonsti- 
tuted  approximately  H'J  of  the  total  data.  Figure  .5  shows  the  di.strihution  of  radial 
errors  from  tl;e  Forward  Observer  location  missions. 

c.  Target  Location.  The  results  of  the  target  locati(jn  niis.sions  are  as  follows: 


NumiMT  of  Mi.s.sions  2 1 0 

S.  D.  (All)  647in 

15  .Samples  >  3  x  S.  1). 

MEAN  RADIAL  KRROH  RMS 

(^ni  786ni 


.All  of  the  data  were  assumed  to  l>e  valid.  U’cause  it  was  impossible  to  (l(‘termiii(‘  (  onelu- 
sivciy  wlielher  any  were  compromised  purely  through  improper  s(*aiing  teehiii(|ues. 

Fifteen  data  samples,  or  about  7^/f  of  the  total,  were  found  to  exceed 
three  times  the  standard  deviation  and  were  eonsiden^d  outliers.  The  di.strihution  of  tin' 
radial  errors  is  shown  in  Fig.  6. 

d.  Battery'  Center  Location.  Only  a  small  amount  of  data  were  (  olleeted  on 
the  process  of  determining  the  coordinate.s  of  firing  battery  centers  by  using  Polaroid 
snapshots  of  the  batteries  taken  from  helicopters.  The  only  results  obtained  w(*r(‘  ar¬ 
rived  at  while  the  eompulrr  was  inopiTable;  and,  even  th(‘n,  only  two  exercises  were 
performed. 

11.  Test  Results.  Utilization  of  the  PF  in  IIELBAT  II  yielded  what  should  he 
eonsi'*.  red  indications  rather  than  conclusive  re.sults.  The  basis  for  this  statement  is  dis- 
ci:.ssi*d  in  paragraph  9. 

a.  Fkpiipment.  Considering  that  the  ecpiipment  whieh  comprised  the  PF 
was  commercial,  off-the-shelf  equipment,  it  performed  quite  well  during  IIFLBAV  II. 
ETL  originally  stated  that  the  equipment  would  require  enuronmenlal  control  (65^  to 
7.5^  F  tempcTalure  and  3.5  to  55^  luimidily)  wh  -n  operating,  hut  it  was  so(jn  di.seovt  red 
that  lhe.se  constraints  could  not  be  met  at  Fort  Hood  during  the  te.st.  The,  temperature  in 
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Fig.  5.  Forward  Observer  Location  Errors. 


MEAN  RADIAL 
ERROR 
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the  PF  Van  ranged  from  about  45^  to  95^  F,  and  the  humidity  varied  by  about  50%. 

Tbe  Baiplex  Stereoplotter  and  the  SIA  functioned  perfectly  at  all  times,  but  operating 
difficulties  were  experienced  with  the  Traverscan  System  at  both  temperature  extremes. 
Humidity  variations  did  not  seem  to  affect  the  equipment.  Dust  was  also  abundant,  but 
it  was  not  possible  to  determine  if  it  affected  the  equipment. 

The  equipment  was  subjected  to  several  power  losses  and  at  least  one 
series  of  surges  as  a  result  of  generator  operator  error.  The  computer  apparently  had  a 
partial  memory  loss  as  a  result  of  one  generator  stoppage,  but  the  program  tapes  were 
read-in  after  eeveral  attempts  and  the  system  resumed  normal  operation.  The  power 
supplied  to  the  equipment  ranged  from  about  109  volts  to  120  volts.  It  was  discovered 
that  the  computer  would  not  function  properly  at  less  than  109  to  110  volts. 

The  PF  Van  and  equipment  were  moved  several  times  whOe  at  Fort 
Hood.  Each  move  called  for  partial  disassembly  (removing  the  projectors  from  the 
frame)  and  bracing  of  ail  equipment  which  required  about  30  minutes  to  comjdete. 
Several  hours  were  required  to  reset  the  Stereomodel  and  resume  operation  after  mov¬ 
ing.  The  time  required  for  setting  up  the  model  would  have  been  greatly  reduced  if  the 
new  computer  program  which  would  eliminate  the  need  for  scaling  the  Stereo  model 
had  been  received. 

A  serious  computer  malfunction  occurred  three  days  before  the  test 
was  scheduled  to  end.  A  technical  representative  from  Keuffel  and  Esser  (K&E)  came 
to  Fort  Hood  to  correct  the  problem.  This  malfunction  may  have  resisted  from  the 
operating  conditions,  but  this  assumption  cannot  be  stated  definitely  at  this  time. 

The  Stereoplotting  Equipment  functioned  perfectly  during  the  entire 
test.  Befoi\  HELBAT II,  there  was  some  question  about  how  well  the  delicate  project¬ 
ors  would  stand  up  to  dust,  extreme  temperature  and  humidity  variations,  and  move¬ 
ment  in  a  military  vehicle.  The  results  were  very  encouraging,  and  even  the  constant 
flow  of  visitors  in  and  out  of  the  PF  Van  and  the  rocking  of  the  Van  by  the  wind  which 
was  expected  to  cause  problems  in  keeping  the  projectors  aligned  had  negligible  effect. 

Detailed  tests  of  the  accuracy  of  ground  (UTM)  coordinates  determined 
by  the  PF  were  not  possible,  although  some  survey  control  which  could  be  identified  by 
personnel  stationed  at  Fort  Hood  was  compared  to  the  listed  survey  coordinates.  The 
coordinates  as  determined  by  the  PF  varied  from  the  survey  data  by  about  6  to  12  m  in 
Easting  and  Northing. 

The  experience  gained  from  participation  in  HELBAT  II  led  to  the  con¬ 
clusion  that  several  equipment  modifications  would  help  to  improve  the  overall  efficiency 
and  effectiveness  of  the  PF.  Some  of  the  suggested  changes  are: 
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( 1 )  Ruggedizc  d  teletype 

(2)  Continuous  visual  coordinate  readout 

(3)  Better  balance  for  the  tracing  table  and  a  larger  platen 

(4)  Heater/air  conditioner  to  stabilize  environmental  conditions 

(5)  Method  of  permanently  fastening  Bendix  Data  Grid  to  Stereo- 
plotter  frame. 

b.  Graphic  Materials.  One  area  in  which  HELBAT  II  was  expected  to  shed 
some  light  was  the  capability  of  people  without  any  photo  interpretation  (PI)  experience 
to  make  effective  use  of  aerial  photography  in  the  field.  Most  of  the  people  who  were 
exposod  to  the  Photopacs  during  HELBAT  II  had  no  previous  experience  with  aerial 
photography.  Their  degree  of  success  in  using  the  Photopac  seemed  to  depend  more  on 
attitude  and  the  desire  or  lack  of  desire  to  perform  well  than  on  any  other  factor.  That 
the  Photopacs  could  be  used  successfully  was  first  demonstrated  by  personnel  from  HEL 
prior  to  this  start  of  HELBAT  II.  It  was  necessary  for  the  HEL  people  to  determine  the 
best  routes  to  all  of  the  OP’s  to  be  used  during  the  test,  and  they  soon  discovered  that 
the  1/50,000  scale  line  maps  which  they  first  tried  to  use  were  of  little  help.  After  be¬ 
ing  given  Photopacs,  these  men,  none  of  whom  had  previous  PI  experience,  were  able  to 
find  every  OP  without  difficulty.  On  the  other  hand,  there  were  several  eases  where  the 
FO’s  made  gross  positioning  errors  simply  through  carelessness.  In  one  instance,  the  FO 
held  the  Photopac  upside  down  while  measuring  coordinates  thus  introducing  approxi¬ 
mately  a  650  m  error  in  both  Easting  and  Northing  (each  grid  square  on  the  enlargements 
was  approximately  650  x  650  m).  In  at  least  three  other  cases,  FO’s  correctly  identified 
their  positions  on  the  index  photogiaph  but  then  scaled  off  coordinates  for  a  different 
ground  feature  on  the  enlargement  because  in  their  haste  they  chose  a  prominent  feature 
which  happened  to  be  in  the  center  of  the  enlargement  rather  than  their  actual  position 
which  was  up  in  one  comer.  (See  point  indicated  in  Figs.  3  and  4.) 

In  general,  the  design  of  the  HELBAT  II  Photopac  was  somewhat  less 
than  ideal.  The  primary  problem  was  that  the  small  area  covered  by  an  indi’idual  en¬ 
largement  seemed  to  confuse  some  of  the  users.  This  was  particularly  true  for  target 
location  missions  because  there  were  relatively  few  features  in  the  impact  area  which  an 
FO  could  use  to  help  orient  the  photographs.  Also,  the  loss  of  resolution  which  resulted 
from  the  lOX  eidargement  of  the  original  photography  to  the  1/16,000  scale  used  for 
the  eniargements  caused  some  difficulty  for  the  inexperienced  users.  HELBAT  II  indi¬ 
cated  that  in  future  experiments  it  might  be  wise  to  test  graphics  which  are  printed  on  a 
larger  size  base  material  to  include  a  larger  area  and  arc  printed  at  a  slightly  smaller  scale 
(say  1/25,000)  to  improve  resolution. 


c.  <lperatioiud  Procedures.  Since  HELBAT 11  provided  the  first  field  test 
of  the  PF  concept,  there  were  no  established  operational  procedures  to  follow.  These 
procedures  were,  therefore,  established  and  revised  as  the  test  progressed.  It  became 
evident  that  the  primary  problem  with  respect  to  the  operational  setup  in  HELBAT  11 
stemmed  from  the  absence  of  direct  communication  between  the  FO’s  and  the  PF. 

This  situation  made  it  difficult  to  evaluate  the  responsiveness  of  the  PF  to  incoming 
data.  Those  data  which  were  relayed  back  to  the  PF  by  the  Div  Arty  umpires  at  the 
OP's  were  frequently  different  than  the  corresponding  information  on  the  HELBAT 
data  cards.  Another  benefit  which  direct  communciation  with  the  FO’s  would  have 
produced  became  apparent  when  the  photo  coordinate  data  were  being  processed  at 
the  PF.  In  many  cases,  the  coordinates  which  an  FO  had  given  as  being  those  his 
own  position  were  found  to  be  in  error  as  soon  as  they  were  located  in  the  Stereomodel. 
They  were  obviously  in  error  because  the  points  were  located  either  in  such  a  low  posi¬ 
tion  that  they  would  not  be  chosen  as  observation  posts  or  else  they  were  in  such  a  po¬ 
sition  that  the  observer  could  not  possibly  see  the  area  of  interest  which  he  had  been 
assigned.  Had  direct  contact  been  established,  the  FO’s  could  have  been  told  to  check 
and/or  correct  their  location  estimate. 

HELBAT  II  experience  provided  a  basis  from  which  techniques  and  pro¬ 
cedures  can  be  developed  for  future  tests. 

d.  Potential  Applications.  Quite  a  few  possible  applications  for  the  PF 
concept  have  become  evident  as  a  result  of  its  development  and  exposure.  Those  which 
became  most  obvious  during  HELBAT  II  include  the  following: 

(1)  Forward  Observer/Observation  Post  and  Target  Location.  Use  of 
the  PF  in  conjunction  with  graphics  given  to  the  Forward  Observer  has  shown  defi¬ 
nite  promise,  and  it  is  felt  that  a  man  with  some  photo  interpretation  training  or 
experience  could  use  aerial  photograph  imagery  to  even  greater  advantage.  The 
table  shows  a  comparison  of  the  mean  radial  errors  achieved  during  HELBAT  II 
by  Forward  Observers  using  1/50,000  scale  line  maps  alone  and  the  Photopac  in 
conjunction  with  the  PF. 


Comparison  of  Mean  Radial  Errors 


Photopac/PF 

Line  Map  (1/50,000) 

F.  0.  Location 

67m 

97m 

Target  Loention 

604m 

479m 

The  poor  results  in  the  target  location  missions '  sing  the  Photopac  are  difficult  to 
evaluate.  Much  of  the  error  probably  was  caused  by  the  difficulty  of  working  with 
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the  small  area  covered  by  the  enlargements,  but  other  factors  v;erc  also  involved. 
The  first  two  Battalions  tested  had  a  target  location  RMS  of  463  m,  but  the  intro¬ 
duction  of  data  from  the  last  two  Battalions  resulted  in  a  total  RMS  of  786  m  for 
the  four  Battalions.  Aside  from  some  inclement  weather  conditions  which  the 
final  Battalion  was  exposed  to,  there  is  no  apparent  reason  for  the  extreme  degrad¬ 
ation  of  accuracy.  More  testing,  particularly  with  other  types  of  graphics,  is  re¬ 
quired  to  determine  the  value  of  aerial  photographic  products  in  the  field. 

(2)  Battery  Center  Location.  The  f*^asibility  of  using  reconnaissance 
photography  of  emplaced  firing  batteries  to  .otermine  battery  centers  was  demon¬ 
strated  during  HELBAT II.  The  photography  used  was  taken  by  a  Polaroid  camera 
in  a  helicopter.  The  photography  was  difficult  to  use  because  of  the  poor  resolu¬ 
tion  and  the  oblique  nature  of  the  photography  necessitated  by  the  smaU  field  of 
view  of  the  camera.  Never ‘.heless,  in  those  instances  where  it  was  attempted,  loca¬ 
tion  of  the  area  in  the  Stereomodel  was  achieved.  With  higher  quality,  wide  angle 
lens  cameras  and  panelled  points,  this  procedure  could  probably  be  accomplished 
very  satisfactorily. 

(3)  Establishing  Reference  Points.  Reference  points  for  use  with  the 
Laser  Resection  techniques  or  techniques  using  Lasers  and  Azimuth  Determining 
Instruments  can  be  established  by  the  PF.  Although  the  PF  was  not  used  to  estab¬ 
lish  reference  points  for  use  in  these  procedures  during  HELBAT  IT,  the  techniques 
proved  to  be  very  accurate  for  determining  FO  locations  when  refere.icc  points  es¬ 
tablished  by  fourth -order  Artillery  Survey  methods  were  used. 

(4)  IPL  Checkpoints.  The  accuracy  and  range  of  the  IPL  can  easily  be 
complemented  by  the  PF.  Any  point  which  can  be  identified  in  the  Stcreomodel 
and  on  the  ground  can  be  used  as  an  initialization  or  check  point  for  the  IPL 

(5)  Terrain  Analyses.  The  Stereomodel  can  be  used  to  perform  general 
terrain  analyses,  route  reconnaissance,  situation  studies,  etc.,  since  all  information 
in  the  aerial  photograph  imagery  is  viewed  in  three  dimensions. 

(6)  Unit  Boundaries,  No-Fire  Lines,  etc.,  can  be  established  and  the 
coordinates  of  their  boundaries  determined  with  the  PF. 

These  arc  just  the  principal  Field  Artillery  applications  which  were  dis¬ 
cussed  during  HELBAT  JI  and  by  no  means  do  they  represent  all  of  the  potential  appli¬ 
cations  for  PF-type  equipment. 
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IV.  CONCLUSIONS 


12.  Conclusions.  It  is  concluded  that: 

a.  The  experience  o!  IILLBAT  II  has  reinforced  the  belief  that  photogram- 
inetfic  eqiiipmeiit  and  techniques  can  be  used  in  the  field  to  help  provide  solutions  to 
man\  Field  Artillery  siirvey/positioning  problems  as  well  as  to  provide  a  source  of  ter- 
niin  inforiuation  to  be  used  in  making  command  decisions. 


b.  By  siibjeefive  analyses,  the  capabilities  offered  by  deployment  of  a  Type 
PF  go  beyond  Field  Artillery  positional  needs  and,  in  fact,  have  appliation  to  many 
Field  Army  operational  necd.'^. 

c.  Analyses  of  test  results  and  operating  procedures  indicate  that  for  future 
testing,  improvements  can  be  made  with  regard  to  the  data  ba.<e  materials,  the  PF  hard¬ 
ware  and  software  components,  and  the  associated  graphic  materials  which  sliould  result 
in  enhaneed  capability  and  utility. 

d.  Personnel  with  no  experience  in  using  aerial  photographs  should  at  least 
be  given  some  familiarization  in  photo  interpretation  techniques  before  being  expected 
to  make  use  of  them  in  the  field. 


